Biochemical and serological studies were conducted on 73 Pasteurella multocida isolants associated with fowl cholera, 13 from waterfowl, 19 from free-flying birds other than waterfowl, 18 from chickens, 5 from turkeys, and 18 from White Pekin ducks. Three serotypes (1, 3, and 7) were associated with waterfowl, four (1, 3, 6, and 8) with free-flying birds, three (1, 3, and 4) with chickens, one (3) with turkeys, and one (7) with domestic ducks. Fermentation reactions were typical with 18 carbohydrates except that one (sorbitol) occasionally changed from an acid to alkaline reaction after 7 days.
INTRODUCTION
Pasteurella multocida is the causative agent of fowl cholera, which causes severe losses in waterfowl and poultry. The organism has been isolated from a large number of species of mammals and birds. It is probable that most species of mammals and birds are infected with P. multocida at some time. Pathogenicity or virulence Serology. Antisera for precipitinogen typing were prepared with water-in-oil emulsified antigens (1,2). Mature male New Hampshire chickens were injected subcutaneously in the neck with 1.0 ml of antigen. The birds were exsanguinated 3 weeks after injection. Feed was removed from cages the night before the birds were exsanguinated. The serum was separated from the clot within 3 hours by centrifuging 1 hour at 1500 X g and preserved with 0.01% thimerosal and 0.06% phenol.
Antigens for the gel diffusion precipitin test were prepared with 18-to-24-hour growth from a heavily seeded culture plate (dextrose starch agar, Difco) suspended in 1.0 ml of 0.85% NaCI solution containing 0.3% saturated solution of formaldehyde. The cell suspensions were heated in a water bath at 100 C for 1 hour and sedimented by centrifugation, and the supernatant was used as the antigen.
The gel precipitin test was conducted as previously described (1). The gel consisted of 0.9% Special Noble Agar (Difco), 8.5% NaCl in distilled water. Five ml of melted agar was placed on 25 X 75-mm microscope slides; 14 wells, 4 mm in diameter and 6 mm from center to center of outer and center wells, were cut as shown in Fig. 1 . Antisera were placed in outer wells, and the antigens in center wells. The results were recorded after 24 hours at 37 C. The organisms were placed in sets according to an Arabic numeral system of identification which was an extension of a proposal by Little and Lyon, who used the serum plate agglutination and passive immunity tests (4).
Biochemical test. Biochemical tests were conducted as previously described (3). All of the isolants were tested for hydrogen sulfide production with broth and filter paper strips impregnated with lead acetate as previously described (3). The production of hydrogen sulfide by 30 selected isolants was also tested with Difco's lead acetate, triple sugar iron, motility sulfide, Kligler iron, SIM, and urea agar-base media. The tests were observed after 24 and 48 hours at 37 C and after 5 days at room temperature (25 C). Table 1 presents results of the gel precipitin tests with the P. multocida isolants from free-flying birds. Table 2 presents results with isolants from White Pekin ducks, turkeys, and chickens. AOne culture was positive after 24 and 48 hours but was negative after 7 days. BSix cultures were positive after 24 and 48 hours but were negative after 7 days. CThree cultures were positive after 24 and 48 hours but were negative after 7 days.
RESULTS

Serological test.
The isolants from herring gulls were serologically similar to those from the White Pekin ducks but differed serologically from the isolants from chickens, turkeys, and a pheasant.
Biochemical test. All 74 isolants fermented (producing acid but no gas) glucose, galactose, fructose, mannitol, mannose, and sucrose. None fermented dextrin, inositol, inulin, lactose, maltose, raffinose, rhamnose, or salicin. Fermented by some but not all isolants were arabinose, dulcitol, sorbitol, trehalose, and xylose (Table 3) . Several of the isolants gave a positive test on sorbitol after 24 and 48 hours but gave a negative test after 7 days.
All isolants produced indol within 24 hours, and all isolants except 2 from White Pekin ducks produced detectable amounts of hydrogen sulfide within 1 to 7 days with broth and filter-paper strips. No hydrogen sulfide was detected with the other media. None of the cultures were motile, grew on MacConkey's agar, hemolyzed blood, changed litmus milk, or hydrolyzed urea or gelatin.
DISCUSSION
The gel diffusion precipitin test, in conjunction with biochemical tests, is a good method for characterizing isolants of P. multocida from birds, particularly in epizootiologic studies. For instance, a herring gull, which is a common predator on duck farms on Long Island, New York, was found dead on a farm experiencing an epornitic of fowl cholera in White Pekin ducks. Isolated from the gull was a strain of P. multocida that gave serological and biochemical reactions similar to those observed with 18 isolants from ducks on this and other farms in the area, indicating a relationship among the isolants from the gull and the ducks. None of the isolants from chickens, turkeys, and a pheasant from New York state were serologically similar to the duck or gull isolates, indicating a different source of infection for these birds. Many, though not all, of the isolants from chickens and turkeys gave identical biochemical reactions to those isolated from the ducks and gulls. These findings demonstrate that both the serological and biochemical test results should be used to determine the relationship among the P. multocida of different epornitics of fowl cholera.
No attempt was made to group the cultures by the proposed scheme based on biochemical reactions (5). It may be well to include both a serotype and biotype designation for isolants of P. multocida.
At the onset of these studies, an isolant from a White Pekin duck and one from a herring gull reacted only slightly with types 4 and 6 antisera. When antisera were prepared with these 2 isolants, they were found to be of a new type on the basis of much stronger reaction, and were designated serotype 7. A similar situation occurred with isolants from a pine siskin and a starling which did not react with any of the antisera and were subsequently designated serotype 8.
